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1. INTRODUCTION

‘The dissociation processes of high-lying electronic states of carbon monoxide (CO) have been the
subject of numerous theoretical (Cooper and Langhoff 1981; O’Neil and Schaefer 1970; Fock, Gurtles,
and Koch 1980; Cooper and Kirby 1981; Letzelter et al. 1987; Vidal 1988; and Sekine, Adachi, and
Hirose 1989) and experimental (Bokor, Zavelovich, and Rhodes 1980; Sausa, Alfano, and Miziolek 1987;
Meijer et al. 1988; Laufer, McKenzie, and Huo 1988; Hill et al. 1990: and Merrow and Forch 1990)
investigations. Experimental work on the photodissociation of CO have frequently utilized the argon
fluoride (ArF) excimer laser because of several important reasons. The ArF excimer laser operates at
193 nm in the ultraviolet; therefore, it is a convenient source of high energy photons (6.4 eV). Also, since
the absorption of two 193-nm photons (6.4 eV each) just exceeds the dissociation energy (Huber and
Herzberg 1979) (D, (C-0) = 11.09 ¢V] from the ground electronic siate CO (X'L), it is well suited for
photodissociation experiments. Although the photodissociation mechanism of CO and the states involved
near 12.8 eV is not entirely understood at present, recent experimental and theoretical work has given new
insight into the photodissociation processes. In particular, the work of Hill et al. (1990) suggests that the
interaction between the CO T Rydberg and 1 valence states near 12.8 eV induces dissociation on a
picosecond, or faster, time scale. They have also shown that two-photon dissociation of CO completely
dominates over processes such as multiphoton ionization and higher order dissociation processes at laser
- power densitles up to 30 GW/em®,

Recent work in our laboratory also suggests a two-photon dissociation process in CO at 193 nm
(Merrow and Forch 1990). Unlike previous experiments which used a single laser for both the
photodissociation of CO and for the detection of atomic carbon photofragments, we devised a two-laser
experiment to probe the photodissociation using oxygen atom two-photon laser-induced fluorescence. We
showed that 193-nm photodissociation of CO produced atomic oxygen in three ground electronic spin-orbit
split states, oxygen 2p‘(’P,;, ). Two-photon excitation of the oxygen 2p*(’P;,)—2p*3p(CP,, ) transitions
near 225.6 nm (see Figure 1) and fluorescence detection at 844.7 nm following the 193-nm
photodissociation yielded a near quadratic photolysis laser power dependence (n = 1.90 £0.09). A simple
dissociation mechanism was proposed wherein single-photon absorption at 193 nm produces CO (a[l,
W = 2), then the subsequent absorption of an additional ArF photon to a state with suspected wriplet
character leads to rapid dissociation. The present experimental study was undertaken to further investigate
the 193-nm dissociation of CO.
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Figure 1. Simple Energy Level Diagrams for Carbon Monoxide, Atomic Oxvygen, and Atomic Carbon.
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Our initial experimental measurements were made in 2 very simple low pressure flow cell which was
operated in the millitorr pressure range. These investigations have been extended into a high vacuum
(~107 torr) pulsed molecular beam apparatus which is equipped with a time-of-flight mass spectrometer
(TOFMS). This new experimental setup allcws for both mass selection and ionization detection using a
pump-probe laser configuration. Subsequeni to ArF laser photodissociation of CO, ions of atomic oxygen
and atomic carbon are selectively detected using (2+1) and (1+1) Resonance Enhanced Multiphoton
Ionization (REMPY), respectively. A two-photon dissociation process in CO at 193-nm is reported using
both REMPT detection schemes, which is in excellent agreement with our previous results (which used
multdphoton laser-induced fluorescence). In addition, we report the nascent fine structure branching ratios
of atomic oxygen 2p* (P, ,) from 193-nm photodissociation of CO using both REMPI detection and
multiphoton laser-induced fluorescence detection. These results indicate that the distribution that was
measured is not statistical. Computer-generated simulations of the experimental excitation spectra were
made and yield a distribution which would correspond to a thermal temperature of 1,100 £200 K.

2. EXPERIMENTAL

A schematic of the apparatus used for these experiments is shown in Figure 2 and has been
previously outlined (Merrow and Forch 1990). A brief description of the new instrumentation and
experimental procedure is as follows. A pulsed molecular beam of neat carbon monoxide (Matheson UHP
Grade) was generaied using' an R. M. Jordan pulsed molecular valve system (Lubman and Jordan 1985).
_The beam pulse duration (~30 ps) was measured with a fast ion gauge wbich could be positioned to
intersect the beam for measurement and be removed as required. The molecular beam was skimmed
(500-pm skimmer, Beam Dynamics) and passed into a differential pumped region of the TOFMS, which
was maintained at a pressure of ~107 torr. The CO beam was photolyzed with the output of a loosely
focused (1,000-mm foca! length lens) broad-band ArF excimer laser (Lumonics model No. 440) at low
laser energy density (<0.01 GW/cm*fcm™). The photolysis laser beam was contained in a windowed tube
which was flushed with N, or He to avoid its aftenuation by molecuiar oxygen absorption via the
Schumann-Runge bands (Yoshino, Freeman, and Parkinson 1984), A cryogenic gas processor was
attached to the ArF lasér to extend the gas fill life. Photo-produced ground electronic state oxygen
2p'CPy,p) atoms were detected using (2+1) REMPI near 225.6 nm'® from the probe laser
(Nd:Y AG/dye/wavelength extension system, Quanta Ray model No. DCR-2A, No. PDL-1, and
No. ¥ "X-1). Photo-produced atomic carbon 2p*('D,) atoms were detected using (i+1) REMPI near
2479 nm. The ions were accelerated in the TOFMS by three grid plates each separated by 10 mm.
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Figure 2. Schematic of Experimental Apparatus.
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The jons are repelied by a plate biased at +2,300 V, drawn thiough an extraction grid biased at 1,500 V
and then they are accelerated through the ground grid into the flight tube. The differentially pumped
region is enclosed in a vertical liquid nitrogen trap which minimizes background gas contamination and
is a factor of nearly 100 times lower pressure than the preskimmed chamber region (10 torr) which is
backed by a 10-in oil diffusion pump. Essentially very little hydrocarbon background was observed using
a polyphenyl ether diffusion pump fluid (Santovac 5) with low vapor pressure (~107%). The diffusion
punip is separated from the main chamber by a gate valve and liquid nitrogen-cooled trap and baffle,
which eliminates oil backstreaming. The drift tube region is approximately 146 cm long and is backed
by a 6-in turbomolecular pump. The ion detector is a dual-channel plate which provides a gain of 107 and
is terminated into a 50-0Q connector. The rise time of ihe detector is very fast (subnanosecond), and a grid
is located in front of the detector, which ensures that the drift region in the flight tube is field free (since
the front surface of the device is operated at a high negative potential [3,000 V] [Lubman and Jordan
1985]). The ion beam can be steered to the detector grid with four X-Y deflector plates located along the
drift tube which compensate for the traverse displacement due to the initial beam velocity vector. The
time synchronization of the pulsed valve, photolysis laser, and probe laser were controlled with precision
digital pulse-delay generators (Stanford Research Systems, model No. DG 535). The Nd:YAQG oscillator
sync-out pulse triggered the pulse valve and the pulse-delay generator. An output trigger pulse from the
delay generator was then used to fire the excimer laser with a selectable delay prior to the probe laser
beam. Ion signals were detected with a S00-MHz digital scope to the probe laser beam. Ion signals were
detected with a S500-MHz digital scope (Hewlett-Packard model No. 54111D) and/or boxcar integrator-
computer system.

3. RESULTS AND DISCUSSION

3.1 Sysiem Calibration. Since our intention in- this work was not only to investigate the
photodissociation of CO using oxygen atom (2+1) REMPI and carbon atom (1+1) REMPI but to also
measure the nascent ground electronic spin orbit split state distribution of photolytically produced oxygen
2p*C’P,, ). experiments were performed to ensure that such a distribution could be measured with our
experimental setup, In addition, the measurement of nascent product state populations under collision-free
conditions using both ionization and fluorescence detection as a comparison aids in the establishment of
the validity of the measnrsments. In particular, it is desirable that the probe laser output energy remain
constant (flat) in the scan wavelength region 225-227 nm because of the nonlinear nature of the
multiphoton excitation scheme used for the detection of atomic oxygen. This required tuning of the dye
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laser composition and concentration until the frequency doubled and mixed output in this region was
uniform. First, we made up oscillator and amplifier laser-dye solutions which were a mixture of
Rhodamine 590 and Rhodamine 610. The output laser energy was measured in the wavelength region
225-226 nm, then the laser-dye solution concentrations were changed by injecting microliter quantities
of a saturated dye solution of Rhodamine 610 until the output energy was constant over this scan range.
We found that after continuous operation of the laser systera for 3 hours, the output energy was skewed
~10% toward the blue. Therefore, no dye solution was used more than 2 or 3 hours in the course of this
work without changing or adding more saturated Rhodamine 610 solution. The approximate dye
concentratio:s of the oscillator and amplifier stages were 2.2 x 10* M and 3.2 x 10 M, respeciively, with
a composition of 69% Rhodamine 590 and 31% Rhodamine 610.

Reliable distribution ratios and laser power dependencies could be measured without the need for
external calibration when both the photolysis and probe laser systems were optimized to reduce saturation
effects. Excitation spectra of the thermalized cxygen atom ground electronic fine structure produced in
CO photolysis was recorded in N, or Ar buffer gas at a total pressure of ~80 torr. A computer code was
written to simulate the spectrum and fit the distribution to a thermodynamic temperature. A simple
Gaussian-type function of full width at half maximum (FWHM) of ~1 cm™ was found to closely represent
the spectral profile of the laser excitation source near 225.6 nm since the signals in Figure 3a are much
broader than the O-atom doppler width and are primarily determined by the laser line width (Bischel,
Perry, and Crosley 1984). The fine structure splittings of the oxyg.a 2p° 3p ’l‘-‘,- levels in the upper state
are < 0.5 cm™ and are therefore not resolved with our resolution, so only single peaks were observed.
Using this simple model, the experimental data were fit to a Boltzman distribution with a thermodynamic
temperature of 309 £30 K (Figure 3b), which is very close to the expected room temperature result. All
of the raw data were digitized and normalized to the intensity of the 2p*(’P,) fine structure component.
Fluorescence power dependence measurements were also made to ensure that the probe laser two-photon
excitation process was not saturatcd and was indeed quadratic. The combined results of the experiments
and simulations indicate that the distributions we measure are reliable.

The TOFMS was time-to-mass calibrated using a pulsed molecular beam of hydrogen. There are
two-photon resonant transitions from the four lowest rotational states of H, (Q lines of the [2,0] bank of
the EF-X system) that coincidentally fall within the gain of the free-running ArF laser near 193 nm. H*
and H," are produced from multiphoton dissociation of H, and (2+1) REMPI of H,, respectively, using
the intermediate E,F excited electronic state as described by Buck, Parker, and Chandler (1988). Single-
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laser photolysis of H; at 132 nm produced two ion signals at 2.37 ps and 3.35 ps, respectively, relative
to the laser light pulse signal which triggered the scope. These flight times correspond to the armrival of
H' and H," at the detector. A simple computer program was then written which calculates trajectory flight
tirnes based vpon the accelerating voltages on the grid plates, drift tube length, and other parameters
particular to our TOFMS. The calculated flight times (2.3689 ps and 3.3502 ps for H* and H,") are in
excellent agreement with the experimentally observed values.

_ We then began experimental measurements on the photodissociation of CO in the TOFMS. These
experiments require the temporal synchronization of three pulsed sources—the photolysis probe lasers, and
molecular beam valve. The temporal jitter of the Nd:YAG-dye laser system is on the order of only several
nanoseconds, and the jitter of the ArF photolysis laser can be reduced to ~2 ns by using a charge-on-
demand triggering feature designed into the laser electronics. However, regardless of the triggering
scheme used, there was an inherent jitter of ~ £50 ns in the opening of the pulsed molecular beam relative
to the trigger signal. The pulsed valve was operated under choked flow conditions wherein the flow is
essentially conductance limited and has a square wave profile of 30 ps as measured with the fast ion
gauge. Therefore, the pulse duration of the molecular beam, is at least two orders of magnitude wider
than the laser pulses. We found that when the photolysis laser beam was overlapped within the center
of the pulsed valve beam the effects of the temporal jitter were inconsequential. We also found that the
high-conducting hairpin loop in the pulsed valve operator system required 30-40 min of conditioning
(continuous operation) to ensure that the pulse width and intensity of the molecular beam were uniform
with time. Experiments which produced a thermalized distribution of atomic oxygen in the TOFMS were
also performed as a check of the atomic oxygen (2+1) REMPI detection procedure. The tungsten wire
filament of the fast ionization gauge was biased at low current, then positioned in the path of the puised
molecular beam. Thermal dissociation of some CO molecules which collided with the wire filament and
grid produced ground state oxygen atoms. Ground electronic state hydrogen and deuterium atoms have
been produced from beams of molecular hydrogen and deuterium using this technique as recently
described by Downey and Hozack (1989). Laser power dependence measurements for the detection of
these atoms gave a value n = 2,73 +0.28, and computer simulation of the experimental excitation spectra
gave a distribution with a temperature of 340 340 K. We observed that essentially no O* signal was
generated by the filament from the thermal dissociation of CO when the applied current was very low.
These results gave us confidence that the (2+1) REMPI detection scheme would allow for the
determination of the photolysis laser power dependence for CO, yield reliable distributions, and that
saturation effects were minimal at these low laser energy densities.



3.2 Atomic Oxvgen (2+1) REMPL. The proposed photodissociation mechanism for CO at 193 nm
is essentially a two-step process. The initial absorption of the first ArF photon from the ground electronic
state of CO (X'E") produces CO (a’[1, v = 2), which subsequently absorbs one additional photon into a
dissociative state with triplet character. Hill et al. (1990) have proposed that the interaction between
1 Rydberg and *I'l valence states near 12.8 eV causes subnanosecond dissociation which precludes higher
onder processes. Therefore, minimal CO® signa's should be observed from irradiation of CO at 193-nm.
TOFMS were first recorded with only the 193 nm laser photolyzing the beam of CO. The laser energy
density was ~0.01 GW/ecm?*/cm™. Consistent with Hill et al. (1990) and our mechanism, we observed
essentially no ionization signal from CO* above the background TOFMS noise at laser enecgy densities
(~0.01 GW/cm?/em™), which were much lower than had been previously employed (Bokor, Zavelovich,
and Rhodes 1980; Sausa, Alfano, and Miziclek 1981; Meijer et al. 1988; and Hill et al. 1990). However,
an ion signal was observed which appeared at 8.2 ps, which has been assigned to C* and is consistent with
the photoproduction of metastable carbon 2p’('D,) atoms, which were subsequently excited by an
additional 193-nm photon to the carbon 2p3s('P,) excited state and ionized by the absorption of another
193-nm photon. An ion signal which would have appeared at a delay of 9.5 ps relative to the photolysis
laser pulse (for O") was not observed. 1t is also important to ensure that the probe laser beam was not
inducing photolysis of CO under these conditions. Ion signals from neither CO* nor O* were observed
when the laser tuned both on and off resonance of the three oxygen 2p‘(’Pp (2+1) REMPI transitions.
Next, we began the pump-probe REMPI experimsnts.

Spatial overiar. of the couiterpropagating photolysis and probe laser beam was very difficult because
of the limited viewing access into the differentially pumped region of the TOFMS. However, temporal
synchronization of the two laser pulses was facililaied by viewing scattered laser light from a small orifice
through which the colimated molecular beam exited (Figure 1). The initial delay between the photolysis
and probe laser pulses was set at 40 ns. As the probe laser was scanned through the oxygen
2p"CP,,15)—2p*3p(’P, ) transitions near 225.6 nm, O* ion signals appeared at 9.5 ps relative to the scope
trigger signal from the probe laser. The apparatus was tiea tuned tc maximize the signal output. The
boxcar gate was fixed to mass select and integrate the O* signal as the probe laser was scanned and an
excitation spectrum was recorded. A representative (2+1) REMPI spectrum is shown in Figure 4a. The
same type of single-laser experiment was performed using only the probe laser beam which was tuned
both on and off resonance of the three oxygen 2p‘(’Pj)(2+l) REMPI! transitions and no ionization signals
(neither CO*, C*, nor O*) whatsoever were observed. This result indicates that under these experimental
conditions, the probe iaser beam was not inducing photolysis of CO. The spectrum was recorded in three




separate scans and the raw data was nommalized t0 the intensity of the 2p*(*Po)~>2p*3p('P,, ) transition.
Note that the relative ion signal intensities given in Figure 4a differ from those obtained in the thermalized
distribution presented in Figure 3a and will be discussed shortly. Several power dependence measurements
of the probe laser energy on the O* REMPI signals insured that the detection multiphoton process was not
saturated. The slope (n) of an Ln-Ln plot of the O* intensity versus probe laser energy gives a near cubic
dependence for the overall process (n = 2.86 +0.29). In addidon, laser power dependence measurements
with the probe laser wuned to each of the three spin-orbit split states fell within these error bars. The non-
integer value is due, in part, to experimental noise, pulse-to-pulse fluctuations in the laser output and
partial saturation of the photoionization step which has a relatively larger photoionization cross section
as compared to the two-photon absorption cross section in the first step of the (2+1) REMPI scheme
(Bamford, Jusinski, and Bischel 1986).

We proceeded with the photolysis laser power dependence measurements. The majority of the
photolysis laser power dependence measurements were performed with the probe laser tuned to the oxygen
2p'CP)—2p*3p(P,, ) transitions becarse the signal intensity was largest there. A linear least-squares fit
to the data gives a slope of n = 1.78 £0.28 which indicates a Juadratic dependence on the photolysis of
CO. Quadratic dependencies of the photolysis laser on the dissociation were also observed with the probe
laser tuned to detect O at the excitation wavelengths for the other two oxygen atoms ground electronic
spin orbit split states. A comparison of the results obtained using (2+1) REMPI (n = 1.78 40.28) witk
those obtained using oxygen-atom two-photon laser-induced fluorescence (Merrow and Forch 1990)
{n = 1.9 £0.09) are in good agreement.

Numerous control experiments serve as a critical check of the data and show that the oxygen atoms
were not produced in a collisional process or by chemical reaction. We found that the oxygen atom
signals increased linearly with pressure over an order of magnitude of pressure change. A quadratic
dependence of the photolysis laser on CO was observed when the pump-probe delay time was varied from
50 ns to 500 ns. We also photolyzed CO outside the differentially pumped region in front of the skimmer
to provide a much longer delay between the pump and probe laser beams. The spatial distance between
the tip of the skimmer cone and the center of the ionization region is approximately 5 cm, and at beam
velocities of ~10* cm/s the pump probe delay time is 500 ps. A photolysis laser power dependence of
1.71 £0.43 was determined. However, in the TOFMS, it is difficult to vary the pressure substantially since
the operating pressure should be kept < 10 turr 10 avoid arcing between the microchannel detector plates
(which greatly reduces its operatin; lifetime) (Lubman and Jordan 1985). We also noted that when the
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backing pressure of CO supplied to the puised valve is varied, then the linear velocity of the molecular
beam changes and alters the time synchronization of the valve relative to the pump and probe lasers.
Nonetheless, we performed experiments where the CO pressure was increased to allow the chamber
pressure to reach near 10 torr, and a linear dependence of the O* signal on pressure was observed
pressure range. The oxygen (2+1) REMPI signal was also found tc vary lincarly with CO
pressure (107-10% torr). However, owing to erratic behavior of the microchannel plate detector (noise
spikes which occurred at the higher pressure range), these types of experiments were not pursued further.

3.3 Atomic Carbon (1+1) REMPL. An altemate approach to investigate the photodissociation is to
detect atomic carbon in a pump-probe laser experiment. Since the photolysis of CO at 193 nm also
produces metastable carbon 2p°('D,) atoms (Bokor, Zavelovich, and Rhodes 1980; Sausa, Alfano, and
Miziolek 1987; and Hill et al. 1990), carbon atom (1+1) REMPI near 247.9 nm can be employed to
investigate the dissociation. A 193-nm photoiysis laser also excites the carbon 2p*('D,)—2p3s('Pp
transition at 193.1 nm, which radiates at 247.9-nm carbon 2p3s('P,)=2p*('Sy). The carbon 2p*('S,) atoms
were then detected by pumping the reverse transition, carbon 20*(*So)—2p3s('P,), then photoionizing from
the carbon 2p3s(‘P,) state, (1+1) REMPIL. Carbon ions which were produced from the 193-nm photolysis
laser could easily be separated from those produced by the 247.9-nm probe laser with a time delay. For
example, if the time delay between the photolysis and probe lasers was set at 20 ns, then carbon ions
which were produced by the probe laser (although less intense) appeared as separate peaks, delayed 20 ns
in the TOFMS signal with ions produced by the photolysis laser. Laser power dependence measurements
for the probe laser detection of C* were made at several photolysis laser energies (0.1-0.6 mJ) and gave
a value n = 1.74 £0.39 for the (1+1) REMPI process. Neither C* nor CO* signals were observed when
the probe laser alone was fired (~0.1 mJ). A photolysis laser power dependence of 1.61 £0.37 was
measured, which falls within the error bars of the uncertainties of the measurements using the other
detection procedures.

3.4 Atomic Oxygen Nascent State Distributions. As mentioned earlier, the relative intensities of
the O* signals diifer from those recorded in a thermalizing bath of inert buffer gas, refer again to
Figures 3a and 4a. A computer simulation of the spectrum is given in Figure 4b and yields a distribution
ratio *P,:’P,:’P, = 0.61:0.3U:0.09, which would conespond to a thermalized Boltzman temperature of
1,100 +200K. Furthermore, the relative distribution ratios we obtained using oxygen atom (2+1) REMPI
is similar to the distribution ratios we obtained using oxygen aiom two-phoion laser-induced fluorescence

in a flow cell (Memmow and Forch 1990). Apparently, the nascent state distribution we measured using
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cither detection technique not statistical. We found that in a collisionless environment (107 torr), the
relative distribution ratios did not change with delay time (up to 500 ns). The distributions weie
insensitive to pressure change in the range of 10°-107 torr and were, therefore, unperturbed by collisional
relaxation processes. To our best knowledge, this is the first report of the fine structure branching ratios
of atomic oxygen in the 193-nm photodissociation of CO.

Information on the nature and possible identity of predissociating states may be revealed by the
spectroscopy of the photofragments and the product states into which they are produced. Complications
may arise when any number of crossing potentials are involved in the dissociation, particularly at
intermediate internuclear separations, and affect product state distnbution channels and fine structure
distributions. In tum, knowledge of the fragment fine structure distributions may discem, in part, the
naiure of the potentials invelved in the predissociation (Lee and Freed 1987). For example, recent results
of Huang and Gordon (1990) on the multiplet state distribution of 2p* (°P,,,) produced in the 193-nm
photodissociation of SQ, gives the first report of the statistical distribution of atomic multiplet siates in
& photodissociation reaction. This distribution corresponds to the degeneracy weightings of the high
temperature limit, 5:3:1. A statistical distribution of multiplet states is expected in a sudden "mapping”
(Lee and Freed 1987; Huang and Gordon, to be published) of close lying fine structure states excited by
the photon onto the asymptotic states of the fragments. For a direct dissociation, the populations are
proportional to the multiplet degeneracies. Highly nonstatistical distributions may result from a "slow"
dissociation. Huang and Gordon (to be published) give strong evidence that to the contrary, the
dissociation is slow, and oxygen 2p* (°P,,,) states are produced only through predissociation; therefore,
exit channel mixing effects are responsible for the statistical distribution. Furthermore, Huang and Gordon
(to be published) and Matsumi and Kawasaki (1990) report that in photodissociation at 157 nm, the
population of the ground state (J = 2) was found to predominate from dissociation from the B °%, state.

Experiment and calculation show that a room temperati:ce distribution of atomic oxygen vields a
population ratio *P,:*P,:P, = 0.74:0.21:0.05, and in the high temperature liniit, the relative distribution will
yield a population ratio *P,:’P,:’P, = 5:3:1, which corresponds to the statistical weighting factor of the
multiplet degeneracies (2J+1). It is noteworthy that the relative distribution ratios rapidly converge near
2,500 K to a distribution which has already approached tne near high temperature limit (Figure 5). For
cxample, the gbservation of atomic oxygen ground state splittings in combustion media where the adiabatic
flame temperature is on the order of 2,500 K gives distributions which cannot be readily distinguished



from the high temperature limit. In our measurement of the nascent spin-orbit populations, the distribution
is colder than the high temperature limit. )

Kinetic energy analysis of the photofragments (Hill et al. 1990) and the absence of molecular ion
fragments (CO*) suggest predissociative lifetimes of picoseconds or less. In the case of CO
photodissociation in the region of 12.8 eV, there are several Rydberg states of the proper symmetry for
two-photon excitation from the CO (X'Z") ground electronic state (Bokor, Zavelovici, and Rhodes 1980).
This energy is ~0.44 eV above the dissociation pathway which correlates to the proqusticn of metastable
carbon 2p*('D,) and oxyger 2p*(P,,,) (Krupenie 1966) states, which have been measurec. If oxygen
2p* (P, is left with 2 kinetic energy of ~0.21 eV (Hill et al. 1990), then this would vield a temperature
of 1,600 K when fitted to a Boltzman distribution, which is close to cur measurement. Although the exact
nature of the state(s) reached is not entirely centain, two-photon excitation to the ¢’IT Rydberg state which
is predissociated by *I1 valence states (Hill et al. 1990) would yield the final product states which we have
observed.

Two-photon excitation of CO may lesse the molecule in a dissociative continvum which correlates
to carbon 2p*('D,) and oxygen 2p'C’P,, ), or the excitaticn may temu.inate in discreie vibronic Rydberg
states which are predissociative and yield these same product states. The observation of a resonance in
the dissociazion yield from a discrete excited state vibrational level would aid in the identification of the
predissociative level and understanding of the dynamics. Here, it is important to mcntion that the spectral
line width of the free-rurming ArF laser used in this work is ~150 cm™ FWHM, and it excites a manifold
of rotational lines in the CO (a1, v = 2) level one-photon transitions. The resonances which have been
observed in the dissociation are those which arise in transitions from the CQ (a1, v = 2) level (Meijer
et al. 1988; Hill et al. 1990). Single-photon dissociation from this envelope of rotational levels yields
the distribution of atomic oxygen spin-orbit states that we have measured over all of these levels. A
tunable excimer laser with a much nammewer bandwidth can resoive single rotational transitions from J =
6 to J = 26 in the electronic and vibrational ground state of CO perhaps alsoc reveal Coriolis rotational
effects which may influence the nascent oxygen spin-orbit distiibutions, which may be particularly
prominent at higher J levels. Theoretical calculations (on OH dissocizticn) further show that nonadiabatic
couplings influence the oxygen atom fine structure branching ratios and increase as a function of the
J quantum number becauss of Coriolis coupling with J (Lee and Freed 1987). It has been shown (Hill
c: al. 1990) that dissociative processes which do produce C and C* exhibit a resonance effect which
originates in the CO (a'll, v = 2) level: however, '~ CO* yield is essentially negligible and does not
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exhibit this frequency dependence. Similar experimental measurements using a tunable excimer laser to
measure the frequency dependence of the yields of atomic oxygen in CO photodissociation which originate
in the CO (2’x, v = 2) level have not yet been performed to our best knowledge.

We thought that perhaps we could obtain information on rotational effects on the spin-orbit
distributions by cooling ground electronic state CO (X'Z') in a supersonic expansion. Modulation of
rotational populations of ground state molecules that are excited into higher lying electronic states have
shown differing dyramical behavior using this simpie technique, which has been atributed to Coriolis
coupling (Saigusa, Forch, and Lim 1983; Forch and Lim 1984). Although the O signals detected by the
probe laser from CO photodissociation at 193 nm were extremely weak, in a supersonic expansion of an
8% mixture of CO in argon, there was an apparent ~10% increasc in the J = 2 sublevel within
experimental error. At present, it is difficult to distinguish differences in the distributions which arise
from the photodissociation of CO or CO-Ar (or higher order) van der Waals complexes.

15




There also may be dissociation wavelength effects in the nascent spin-orbit distributions, Miyawaki
et al. (1990) have investigated the spin-orbit state distribution of oxygen 2p* (P,,,) produced in the
photodissociation of NO, at four different wavelengths. They also report the propensity for the J = 2 levei
to be more populated than the high temperature limit. The distributions which were produced by 355-,
337- , and 266-nm photodissociations at 212 nm through a different electronic state yielded a different
nascent state distribution. We decided to investigate the photodissociation of CO at another excimer laser
wavelength (KrfF at 248 nm) and observed signals from the photoproduction of CO*. O signals which
we observed in pump-probe experiments were very weak, and, ‘a addition, it was difficult to discern what
fraction of atomic oxygen 2p* (Py,,) was produced from: the dissociation of CO or CO* at this
wavelength. We hope, in the future work, to extend this work using both a high resolution line tunable
ArF excimer laser which can excite individual rotational lines of the spin-forbidden CO a'[1, V' = 2&-X'%",
v” = ( one-photon transitions and probe laser with subdoppler resolution to resolve upper state splittings
of the fine structure components of atomic oxygen 2p>3p(°P,, ).

4. CONCLUSION

The photodissociation of carbon monoxide at 193 nm has been investigated using REMPI detection
of oxygen and carbon atoms under collision-free conditions. These new results are in excellent agreement
with our previous experimental investigations which used oxygen-atom two-photon laser-induced
fluorescence and suggest a quadratic photodissociation process in CO at 12.8 eV. The nascent fine
structure branching ratios of atomic oxygen 2p'(’P,, ) from 193-nm photodissociation of CO are reported
using oxygen (2+1) REMPi and two-photon laser-induced fluorescence and indicate that the distribution
is not statistical. ‘The experimental data were fit to a distribution which would correspond to a thermal
temperature of 1,100 £200 K.

At present, however, although predissociative processes appear to dominate the photoabsorption in
this encrgy region, the precise identity of the dissociative state(s) is not entirely certain. Essentially, there
is litde known about the dependence of the branching ratios on the dissociation pathway (i.e., excitation
wavelength, nonadiabatic, and spin-orbit coupling between dissociating states, curve crossings, and exit
channe! mixing effects).
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